Objective: To determine whether the Linking Infectious and Narcology Care strengthsbased case management intervention was more effective than usual care for linking people who inject drugs (PWID) to HIV care and improving HIV outcomes.
Introduction
Russia and Eastern Europe have rapidly expanding HIV epidemics, where transmission risk has been dominated by injection drug use [1] [2] [3] [4] . Estimates of the total number of people living with HIV in Russia are between 900 000 and 2000 000 [5, 6] , with 47% of new HIV cases with a known mode of transmission registered among people who inject drugs (PWID) [5] . Yet, PWID do not comprise a majority of those receiving HIV care [7, 8] , with one study from 2017 reporting that only 10% of HIV-positive PWID in St. Petersburg were receiving antiretroviral therapy (ART) [9] . In 2013 it was estimated that viral load suppression was achieved only among 19% of all HIV-positive individuals in Russia [10] .
A strategy to seek, test, treat, and retain (STTR) HIVpositive individuals in care can advance progress along the HIV care continuum [11, 12] . Russia and other countries in the region have struggled to effectively link HIVpositive patients to HIV care [2, 13, 14] .
Case management is one strategy used to improve access and care delivery as it focuses on removing systemic and individual barriers to care [15] . One model of this kind of strategy used to affect treatment and engagement of marginalized individuals is strengths-based case management. Brief strengths-based case management was effectively adapted for the Antiretroviral Treatment Access Study (ARTAS) intervention [16] , designed to support linkage to care among persons with HIV in the United States. The ARTAS intervention, focusing on linkage of recently diagnosed HIV-positive patients to HIV care, demonstrated increased linkage (78 vs. 60% with at least one visit within 6 months and 64 vs. 48% with at least two visits within 12 months) compared with usual care [16] . This model has been operationalized across diverse settings in the USA as part of a Centers for Disease Control and Prevention demonstration project, facilitating its adaptation for use in other national contexts [17] . Notably, ARTAS in its original demonstration of efficacy did not address PWID's needs specifically, and in fact, found less effectiveness for those injecting drugs, suggesting the need for modifications to give support to PWID.
PWID's poor linkage to HIV care in Russia [9, 18] may in part be attributable both to the individual's addiction struggles and a fear of stigmatization [19, 20] . Russia also has the barrier of siloed addiction and infectious disease care settings [14, 21, 22] , despite evidence of benefit from coordinated care for HIV-positive PWID [23, 24] . The Russian AIDS treatment system includes case managers for patient care, but their efforts focus on retention in HIV care [25] and not linkage. Case managers also work in narcology treatment, which interfaces with PWID, but these case managers do not focus on HIV care or the unique challenges faced by Russian PWID [e.g. stigma, limited medications for opioid use disorder (OUD)] [26] [27] [28] [29] [30] . The unavailability of opioid agonist therapy for treatment of OUD in Russia limits options for effective medical care of this problem. One observational study in St. Petersburg, Russia found that not only was intensive case management feasible, but it improved the retention and adherence of PWID to antiretroviral treatment [31] .
Hence, in this randomized controlled trial (RCT), Linking Infectious and Narcology Care (LINC), we adapted the ARTAS intervention for the Russian setting by implementing peer-led strengths-based case management to support and motivate HIV-positive PWID in a narcology hospital in St. Petersburg, Russia to link with HIV medical care.
Methods
Objective and study design The LINC study was an RCT designed to assess the effectiveness of a strengths-based case management intervention among HIV-positive Russian PWID compared with standard of care treatment in Russia on the following outcomes: linkage to HIV care (i.e. one or more visits to HIV medical care) within 6 months of enrollment; retention in HIV care (i.e. one or more visits to HIV medical care in two consecutive 6-month periods) within 12 months of enrollment; appropriate HIV care in Russia at the time of the study (i.e. prescribed ART or having a second CD4 þ cell count if CD4 þ > 350 cells/ml) within 12 months of enrollment; and improved HIV health outcomes (i.e. CD4 þ cell count) and self-reported hospitalizations 12 months after enrollment. The following two outcomes were designated as the overall primary outcomes of the trial: linkage to HIV care and CD4
þ cell count at 12 months. A more extensive study protocol [32] has been published and the study was registered with ClinicalTrials.gov (NCT00483483).
Participants

Participant assessment
Baseline study interviews were conducted at the narcology hospital by trained research staff and at 6 and 12 months postenrollment at First St. Petersburg Pavlov State Medical University. At baseline and 12-month assessments, blood was collected for CD4 þ cell count testing. At 6-month and 12-month time points, medical chart reviews were conducted to obtain data on clinic visit dates, CD4 þ testing dates, and ART information [32] . Chart review was conducted of records at both Botkin Infectious Disease Hospital and the St Petersburg City AIDS Center, which together comprise the venues providing HIV care for St. Petersburg residents.
Assessment data collected at baseline included participant demographics [33] ; HIV testing and hepatitis C virus diagnosis [34] ; previous HIV care, depressive symptoms [35, 36] ; and drug use [37] [38] [39] [40] . At follow-up, additional sections included ART use and adherence [41] [42] [43] and case manager-related questions.
Outcomes
Primary outcomes were linkage to HIV care and CD4 þ cell count at 12 months. Secondary outcomes were retention in HIV care within 12 months of enrollment, appropriate HIV care in Russia at the time of the study, and self-reported hospitalizations at 12 months. Given that information obtained from chart review determined linkage, retention, and appropriate HIV care (i.e., ART receipt or CD4 þ testing), minimal loss to follow-up occurred for these primary and secondary outcomes (i.e., absence of chart information was defined as no linkage, retention, or appropriate care). Loss to follow-up only occurred in the event of participant death or incarceration.
Linking Infectious and Narcology Care intervention A collaborative cross-cultural team of investigators in Russia and the United States developed the LINC intervention based on an adaptation of the ARTAS intervention for use in the Russian setting and specifically with PWID [16] . The LINC intervention used a strengthsbased case management approach to help motivate participants to engage in HIV medical care. Peer case managers met with participants individually to facilitate recognition of participants' own strengths to reduce barriers to HIV care and ultimately improve HIV outcomes. Peer case managers were HIV-positive PWID in stable remission receiving HIV care. The LINC approach was based on the Social Cognitive Theory and Psychological Empowerment Theory frameworks [44, 45] .
Case managers delivered the intervention via five oneon-one sessions over a 6-month period. The first session took place at the City Addiction Hospital and sessions 2-5 were held anywhere in the community, or via phone if necessary (less than 2% of all sessions were conducted by phone). The first session also included case manager sharing CD4
þ results with the participant. The intervention is described in detail in our published protocol article [32] . Case manager activities are described in Table 1 .
Control group
Participants in the control arm received the narcology hospital's standard of care. All participants received a resource card containing harm reduction information and contact information for HIV care.
Process evaluation
To ensure high-quality implementation of the intervention and control conditions, we provided structured trainings and regular supervision and monitoring of the case management sessions [46] . We also obtained survey feedback from both case managers and participants to assess their satisfaction with the LINC intervention. Of the intervention group participants who completed the participant satisfaction survey (n ¼ 84), 91% reported being very much or somewhat satisfied with the LINC intervention. In regards to linkage to care, 60% of participants surveyed agreed that case managers helped them link to HIV care, whereas 82% of participants surveyed thought the case managers would help others link to HIV care. Case managers (n ¼ 4) were interviewed quarterly and 75% of those interviewed thought the program was helping participants 'very much'.
Randomization and blinding
Randomization was stratified on two self-reported factors: first, whether an outpatient appointment with an infectious disease physician occurred in the 12 months prior to enrollment; and second, whether the participant had ever been hospitalized for his or her HIV infection. Stratified randomization was used to ensure balance with respect to these potential confounding factors. Blocked randomization using random block sizes was used within each stratum. Randomization occurred via a custom web-application utilizing a computer-generated randomization table.
Participants and case managers could not be blinded to group assignment due to the nature of the intervention. However, to minimize measurement bias, the baseline assessment was administered prior to randomization and follow-up assessors were not alerted of randomization assignment.
Statistical analysis
The primary analyses were conducted according to the intention-to-treat principle in which all randomized participants were analyzed according to their randomized group. Descriptive statistics were used to characterize the study sample and to assess potential differences in baseline characteristics by intervention arm. The primary outcome, linkage to HIV care, and other binary outcomes were analyzed using logistic regression models adjusting for the randomization stratification variables. The primary outcome CD4 þ cell count at 12 months was natural log transformed due to a skewed distribution and then analyzed using multiple linear regression. Results were back transformed for ease of interpretation, the measure of effect reported is a ratio of means for the LINC intervention relative to the control group. We used multiple imputation (using 20 generated complete datasets) to account for missing data in the following outcomes: linkage to HIV care (n ¼ 20), CD4
þ cell count at 12 months (n ¼ 116), retention in HIV care (n ¼ 43), appropriate HIV care (n ¼ 18) and self-reported hospitalizations at 12 months (n ¼ 81). Variables used for imputation were sex, age, marital status, education, ART use, outpatient HIV visit, ever hospitalized for HIV, CD4 þ cell count, years since HIV diagnosis, CES-D score, randomization group, and baseline value of the outcome. Secondary per protocol analyses were conducted by first limiting the intervention group to participants who completed two or more case management sessions and then additionally limiting to those who completed all five sessions. Additional sensitivity analyses were conducted removing the stratification factor of past year outpatient HIV visit from primary intention-to-treat analyses given the concern that this variable was compromised by one assessor at baseline. We calculated that a sample size of 350 participants would provide 80% power to detect an absolute difference of 15% in the proportions linking to HIV care based on a chi-square test with continuity correction. This assumed a two-sided test, a significance level of 0.05, 20% linking to HIV care in the control group, and 10% loss to follow-up. We determined the study would also have 80% power to detect a difference as small as 90 cells/ml in CD4 þ cell count at 12 months between the two study groups, assuming a SD of 269 cells/ml, and 20% loss to follow-up. Assumptions of loss to follow-up differ between the two primary outcomes due to utilization of chart review to assess linkage to HIV care vs. relying on participants attending their final study visit to receive a test for CD4 þ cell count. We performed all analyses using SAS version 9.2 (SAS Institute, Inc., Cary, North Carolina, USA).
Results
Of 382 narcology hospital patients whose charts were reviewed as part of the prescreening process, 370 (97%) were eligible and agreed to be screened. Of those, 359 of 370 (97%) met eligibility criteria to participate in the study. The main reason for ineligibility was having taken ART in the past 30 days (4/11). Of those who were eligible, 349 of 359 (97%) were enrolled and randomized (Fig. 1) . The participants' baseline characteristics are in Table 2 . The usual care (control) and LINC intervention groups appeared balanced on demographic and clinical variables. Follow-up interview rates for the intervention adjusted ratio of means 1.14; 95% CI: 0.91, 1.42, P ¼ 0.25) ( Table 3) . Secondary per protocol analyses were conducted on two subgroups of intervention participants, those completing two or more case management sessions (n ¼ 131) and those completing all five sessions (n ¼ 85) ( Table 4 ). The subgroups did not differ in their characteristics, with the exception of age, where participants who completed all five sessions tended to be older (mean age 35.4 vs. 32.9 years, P ¼ 0.003). The conclusions were similar to the main study findings (Table 4) .
Secondary outcomes
Discussion
The LINC strengths-based peer-led case management intervention, comprised of five sessions delivered over a 6-month period, was more effective than usual care in linking Russian HIV-positive PWID to HIV care within 6 months of enrollment (51 vs. 31%), and helping 1472 AIDS 2019, Vol 33 No 9 þ cell count; LINC intervention: 17% prescribed ART, 12% had 2nd CD4 þ cell count; In both arms, 4% had no initial CD4 þ cell count but were imputed as appropriate care based on other participant characteristics. AOR, adjusted odds ratio; ART, antiretroviral therapy; CI, confidence interval; LINC, Linking Infectious and Narcology Care. participants receive appropriate HIV care (33 vs. 23%) within 12 months of enrollment. Yet, differences between groups with respect to CD4 þ cell count and retention in care at 12 months were not statistically significant.
The attributes of the intervention included utilizing a strengths-based approach to motivate participants to engage in care, providing and explaining CD4 þ cell count results, and use of peers to serve as case managers (i.e., HIV-positive individuals in recovery from OUD). The novelty of the intervention was that these modalities were adapted for use with PWID. Peer support and peer-led interventions have been successful in improving risky sex behaviors [47, 48] adherence to ART [49] , HIV knowledge [48] , enrollment in HIV care [50] , and initiation of ART [51] . Some interventions used pointof-care CD4 þ testing and strengths-based care facilitation; however, these studies were not among PWID [51, 52] . Consistency of findings for intention-to-treat and per protocol analyses suggest that intensity of contacts may not be critical to achieve these outcomes; however, further research is needed to determine if intensity of contacts over an extended period may be helpful to achieve clinical outcomes not seen in this study's findings.
Participants randomized to the intervention had higher odds of linking to HIV care and receiving appropriate HIV care, but they were not retained in care, nor were their CD4 þ cell counts significantly improved compared with controls. Despite progress addressing the Russian HIV care continuum, the overall engagement in HIV care and initiation of ART were low. Thus, broader dissemination of this intervention is not warranted in Russia until it is enhanced with features to further increase engagement in HIV care and ARTuptake. These goals may not be amenable to a case management intervention alone. Nonetheless, importantly, the model did yield benefits and if enhanced over time, has potential for sustainability and scalability given the current employment of case managers in the Russian health system, albeit in a different capacity.
At 12 months, differences in CD4
þ cell count and retention in HIV care were not statistically significant. It is possible that the limited extent and duration (i.e., 6 months) of participants' receiving support from the case managers impacted these long-term outcomes. This is consistent with results from the Project Hope study, which did not detect differences in 12-month HIV viral suppression following a 6-month patient navigation intervention with and without financial incentives vs. usual care [53] . The LINC study findings indicate both, the need to improve overall linkage from addiction treatment to HIV care and to improve engagement with HIV services after initial linkage.
Although the LINC intervention was designed to address participant barriers, it did not affect system changes, which may be needed to impact barriers. Such barriers include the requirement for multiple visits prior to initiating ART [20, 29] , ongoing substance use [19] , and stigma by HIV providers related to ongoing substance use [54, 55] . Organizing services so as to be able to initiate ART at first visit in the narcology hospital context or on first appointment to the HIV center might yield benefits for engagement as has been shown in other country settings [50, 56] .
One obvious explanation for the inability to detect significant differences in improved CD4 þ cell counts is the very low overall uptake of ART (14%). With the current universal ART recommendations in Russia, new since the study's implementation, the goal for the patient is more clear and straightforward -pursue effective ART regardless of CD4 þ cell count.
Active injection drug use is a documented barrier to achieving desired HIV care continuum outcomes [9] . In focus groups and interviews with PWID and providers in St. Petersburg, active injection drug use was found to exacerbate challenges faced by PWID in linking to HIV care [19] . These findings were confirmed in focus groups with LINC participants and interviews with LINC case
Linking Russian HIV-positive people who inject drugs to care Samet et al. 1473 managers [54] . Given that almost half of the study participants reported past 30-day injection drug use at their final study visit, consideration of early use of pharmacotherapy for OUD is indicated and of great importance both for linkage to HIV care and avoidance of opioid overdose injury and death [57] .
The limitations of this study include potential modest generalizability. This intervention will not reach people who do not receive treatment within the narcology hospital. However, narcology hospitals are a common mode of addiction treatment in Russia and Eastern Europe [58] . In Russia, engaging both HIV-positive PWID within narcology treatment and those not engaged in such care is needed. The study's implications are uniquely applicable in Russia in that opioid agonist treatment is unavailable. Such pharmacotherapy, a standard clinical approach for this population outside of Russia, is not bundled with case management in the LINC intervention, and thus the impact of that strategy is unclear.
Conclusion
The LINC intervention, strengths-based peer-delivered case management embedded in narcology treatment, can support HIV-positive PWID to link to HIV care in Russia and receive more appropriate care. Importantly, however, the benefits of the LINC intervention need to be bolstered to substantially advance down the HIV care continuum. Data sharing: Data collected for the study are available to interested investigators in the URBAN ARCH Repository: www.urbanarch.org. The data are also available through the data coordinating center for the STTR project (https://www.uwchscc.org/ and https://sttrhiv.org/cms). All data requests must be approved by the STTR publications and presentations committee due to the sensitive nature of the project involving participants with substance use, HIV infection, and/or criminal justice involvement.
Clinical trial registration details: This study was registered with ClinicalTrials.gov through the National Institutes of Health -Linking Infectious and Narcology Care in Russia (LINC), NCT00483483. 
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